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GENERAL STATEMENT 


The spontaneous combustion of coal lies at the bottom of the subject of 
storage. It is useless to store coal that is to be lost by fire from 
spontaneous combustion. Every engineer is familiar with the phenomena of the 
self-heating of coal, yet, for all that, spontaneous combustion is relatively 
rare. If we counted the times a portion of coal was stored where it would 
be undisturbed for a few weeks, the number of such storage operations in any 
one year would mount into the millions. Of these, a relatively small number 
show the phenomena of spontaneous combustion and the risk per ton is very 
small. It is extremely rare that in the smeller operations involving only a 
few tons there is any heating. There is no spontaneous combustion of anthra- 
cite, and very rarely does the donestic consumer of bituminous coal find 
troublesome heatinge The main interest in the subject lies in the large 
piles needed as reserves for public-service utilities and the industries. 


Everyone desires to have directions for storage that are perfectly 
simple and yet will insure against loss. Unfortunately, the problem is too 
complicated for a simple solution. Many of the factors involved are diffi- 
cult to determine, as we have no practical means of quantitative measurement. 
The factors involve chemistry, pnysics, and enzineering, and the man who is 


1/ Reissued from Bureau of Mines Technical Paper 3511: Factors in the Spon- 


taneous Combustion of Coal, by 0. P. Hood, 19ee. 
The Bureau of Mines will seieoue reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from Bureau of 


‘Mines Information Circuler 7074." 
2/ (Deceased.) Former Chief, Technologic Branch, Bureau of Mines, Washington, 
D. C. 


1987 


Google 


I.C. 7O74 


in close contact with the problem of stored coal is not always a good 
observer in these several lines. The result is many incorrect theories, 
opinions, and prejudices. Kuch has been written on the subject, and the 
Bureau of Mines hns nublished the results of extensive investigations, but 
the diversity of widely held opinions show that there is need of pointing 
out what are the factors that demonstrably are most concerned in the spon- 
taneous heating of corl. This paper is an attempt to picture those factors 
so that a working theory may be held and observation centered on them. 


I remember reviewing a case involving spontaneous combustion on ship- 
board, where in the hearings everything had been investigated, from the 
pennant on the mast to the barnacles on the rudder, but the observations 
that had a real bearing on the heating of the coal were extremely few and 
formed a very unpretentious part. of a formidable-looking document. It is 
necessary to know what to look for in order to drew reasonably accurate 
conclusions.. 


SIZE OF COAL — FINENESS OF PIECES 


The heating of coal is believed to be a surface phenomenon (fig. 1). 
If a ton of bituminous coal could be delivered in a single cube, each 
dimension of the cube would be about 2.8 feet. When coal heats, it is due 
to something that goes on with respect to the surface and not something that 
happens inside of the piece. So far as we know, this is true no matter hor 
finely the piece is divided. We are, therefore, interested in the area of 
the total exposed surface in a ton of coal. If the cube, having originally 
an area of about 47 square feet, be continuously subdivided, the rate of in- 
crease in the exposed surface is as shown in figure 2. If the size of the 
pieces is reduced until all the nieces are fine enoush just to pass throuzn 
a l6-mesh screen the area of exposed surface becomes an acre. It is per- 
fectly obvious from this why it is that trouble from svontaneous combustion 
originates in fine coal, because the freatincresse in extent of surface does no* 
begin until we get below 1 1/H4-inch, or nut size. If fine coal is kept out 
of the pile the heating surfece is relatively so small es to remove the cause 
of spontaneous combustion. This remark applies not to the fact that one may 
buy lump coal but to the size of what actually gets into the storage pile. 
Coal bought as lump at the mine and handled with modern disregard for 
breakage may be far from lump coal when in the pile. 


TEMPERATURE AT TIME OF STORAGE 


A unit of area of this coal surface generates a certain amount of heat, 
provided the coal can find the combining material, that is, oxygen. The 
amount of heat generated depends upon the temneraeture of a piece of coal. 
That is to say, coal put into storage at a temperature of 80° F. will 
generate very much more heat per unit of surface than if put into storage at 
the temperature of 60° F. I can not say just how much more, but chemists 
tell us that in general the rate of chemical reactions doubles for every 10° 
rise in temperature, and if that applies in tnis case, beginning at a 
temperature 20° higher means a fourfold increase in the amount of heat 
generated. (Fig. 3.) It has already been a matter of observation that coal 
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Figure 2.—Coal—surface area in square feet per ton of different sizes of coal. 


oq. ft.; 


cube. Surface area, 47.38 


Fiauap 1.—One ton of coal in a solid 
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Fiourgs 4.—Generation of heat in coal pile during increasing periods of time. Heat 


Ficure 8.—Generation of heat in coal pile at increasing temperatures, 
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Fictre 8.—Relation of heating to ventilation in a pile of coal. 


FiguBB 7.—Lines showing Increasingly difficult paths for air circulation in u pile of cual. 
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stored during the hot months of summer and in neated regions is much more 
liable to spontaneous combustion than coal stored in colder climes and in 
cooler seasons of the year. 


FRESHNESS OF COAL SURFACES 


Another most important factor is tne freshness of the broken surface. 
A freshly broken surface of coal has a rate of heat generation that is a 
function of the kind of coal. It is practically sero with anthracite and is 
largest with the younger coals. The quantity of oxygen contained in the 
coal seems to be the fairest measure of this rate, although it is by no 
means reliable. The nigh-oxygen coals of the Middle West and the subbituminous 
coals and lignites of tne West show increasinzly active rates of heating. 


In time, the coal surface apoarently becomes satisfied, that is, nearly 
ceases to take up oxygen, and the hext produced fells practically to zero. 
The rate of heating then follows » curve somewhat like that given in figure 4. 
This means thet for the first few days or weeks a freshly broken surface is 
very much more active than after a few weeks or montis - a fact that must be 
borne in mind when considering the wisdom of crushing coal immediately before 
storing it. Spontaneous fires rarely occur after the coal surfaces have been 
exposed for three months. | 


RISE OF TEMPERATURE TO DANGER POINT 


As the rate of neating increases with the temperature, it is evident 
that if the heat generated is not removed, the process becomes a self- 
ageravating one, and the rate of heat generation instead of falling as in 
figure 4, may rise with time according to some such curve as is shown in 
figure 5. If the temperature of the pile reaches 140° or 150° F. and con- 
tinues to rise, there is e high probability that within a few days or a few 
weeks a destructive temperature will be reached. If the temperature reaches 
160° or 180° F., there is almost a certainty that a destructive temperature 
will be reached and that the coal must be moved. Immediately the question 
of getting rid of the heat is presented. 


DISSIPATION OF HEAT GENERATED 


A coal pile is cooled by radiation and by the movement of air through 
it. Air moves rather freely through a pile of coal. To illustrate this 
point, one may cite a partial carzo of coal thet was loaded into a bottom at 
New York and carried under sail to Norfolk. The rseneral temperature of the 
pile at loadinz was known; on arrival at Norfolk the temperature of the coal 
had so increased as to make the adding of further cargo dangerous. From the 
known rise in temperature of the coal, it was possible to figure roughly the 
exchange of air that must have been made within the partial cargo in order 
to supply the amount of oxyzen represented by the heating effect. The 
general order of magnitude was that all of the air in the interstices 
between the pieces of coal must have been chanzed 20 to 30 times during the 
time of heating. This coal was, of course, protected from winds, and the 
illustration shows how great may be the natural ventilation produced within 
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a coal pile by differences in temnerature and by the daily variations of 
barometric pressure. In many piles of coal this natural change, or breathirz, 
of air is enough to carry awey the hect. generated. 


SEGREGATION OF COAL BY SIZES IN A PILE 


Suppose thet coal is delivered in-.four uniform sizes and put in a 
conical pile by dropping at a single point. (Fig. 6.) The granular arrange- 
ment of parts will be such as to furnisn a foundation, under ynearly. the 
whole pile, of larger sized pieces and the lower flanks of the pile will 
also be of the larger sizes. Nearly all of the smallest pieces will be ir 
the central core of the pile. If one were to draw lines bounding the regionx 
of these several sizes they would be something like those shown in Figure 7. 


ACCESS OF OXYGEN ~ VENTILATION 


In the region of large pieces in such a pile the air would move freely 
and the area of-.coal surface exposed would be a minimum; hence there would 
be little likelihood of heating. In the center of the pile the movement of 
air would be small and the total of heating surface would be great. If the 
fine coal is so densely packed as to prevent an exchange of air, there will 
be no heating because there will be no suvply of oxygen to combine with the 
active surfaces. Somevnere between the two extremes of the central core of 
fine coal and the large-niece region there may be areas where the ventilatixz 
current is just sufficient to supply oxygen for a maximum rise in temperature 
end insufficient to remove the heat as generated. In figure /, lines nave 
been drawn showing in cenersl the progressively difficult naths for the 
movement of cooling air. 


Some observers have stated that, in general, fires in large coal piles 
are found in tne region from 5 to & feet below the surface on the flanks of 
the pile. The rise in temverature of a coal pile is thus intimately connec*%ei 
with a very complicated ventilating problem, and we have no means of observirz 
or measuring these small end wayward ventilating currents. 


We tnow that if coal can be sealed tight, as in a zlass jar, the oxyger 
soon disappears and the coal can not continue to heat because of lack of 
oxygen. In figure 8 the Horizontal distances represent the amount of verti- 
lation of any portion of a coal pile and the vertical distances represent the 
rise in temperature. With no ventilation there will be no rise in temnerature 
and the zero point will represent the condition of coal sealed from the air 
or so densely packed that air can not circulate. If, on tne other hand, there 
is enough ventilation, the heat is all carried away as fast as generated an¢ 
some point, as at B on the zero line, must represent this condition, as in 
the case of coarse conl. At some point, as at A, between these two extremes 
there may be a condition of ventilation which will supply just oxygen enouzh 
to provide for a maximum rise in temperature. What sort of a curve represezts 
all of the intermediate conditions between C, A, and B we do not know, but 
that the curve must first ascend and then descend is perfectly evident. This 
curve teaches that if we have a condition of ventilation as at D, an increzse 
in the ventilation to E will produce a more favorable condition for a 
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temperature rise. On the other hand, if the original condition is as at F, 

and we incresse the ventilation to G, we can expect a recuction of temnerature. 
Since we have no means ot knowins just what the ventilation is in any ziven 
portion of a pile, there is sreet hesitancy in advocating ventilating 

schemes for coal piles, as we are as likely to ma'ze trouble as to prevent it, 
unless extreme and uniform ventilation is assured. 


These curves illustrate the tendencies of what are telieved to be the 
principal factors in the problem of spontaneous comoustion. 


There are many more factors of minor importance. One of the troubles 
has been that undue attention has often been given to the ninor factors, 
such as the sulphur or the volatile-matter content of the coal, heisht of 
pile, etc., while the main factors, such as initial temperature, breakaze in 
randling, freshness of tne coal, and the screenine before storaze, have been 
overlooked or minimized. 
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